APPROACH
From the modeling perspective, computer models need to be structured or subdivided into stand alone modules that correlate with hardware components and subsystems. These modules could then be combined to represent the major subsystems and, ultimately, the total weapon system as depicted in Figure 1 . These modules need to accommodate capabilities for data input and output that replicate the hardware (with applicable embedded software) that they are intended to represent. Each module and combination of modules could be validated through a structured hardware component/ subsystem test program. Once the models are validated, hardware and software modules could be utilized interchangeably for hardware-in-the-loop testing as depicted in Figure 2 . This represents a modified approach to modeling and simulation.
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Figure 1 : Bottom-UpModular Modeling Concept
From the testing perspective, the requirement to answer a myriad of questions concerning system performance in a host of operational scenarios will not change. However, a well structured and integrated testhardware-in-the-loop program can provide the needed data for any number of scenario combinations with a minimum number of expensive hardware tests. Structured modeling will facilitate testing at the component/subsystem level and transforming results for Every test conducted (component, subsystem and system) should be conducted for the dual purpose evaluating hardware performance and validating computer models. The resulting process could be described as test-model-test as opposed to testfix-test. This represents a modified approach to hardware testing. Componenthubsystem development and qualification testing will be conducted as it has been conducted in the past; however, the results will be compared with pre-test modeling predictions to validate the models and combined with the system model to transform results to the system level for evaluation. This process is depicted in Figure 3 .
This integrated process will provide "real world" environmental effects on hardware performance for incorporation in the models. Testing will be repeatable and can be conducted under conditions not practical in field tests because of physical limitations, safety, etc.
From the modeling perspective, the proposed methodology will provide detailed information about the weapon system at a fidelity and uniformity not generally available in the past. Engineers will be able to study and analyze the performance of each component and interactions withinhetween subsystems to determine the "weak links" and where to improve the design to develop a reliable and performing system. The key is to validate each level of the model (component through system) by hardware testing.
LONG TERlM BENEFITS
The integrated modeling and hardware testing will support the total weapon system life cycle starting with concept studies and continue until the system is taken out of the inventory; however, the models must be developed and validated through testing during the research and development program phase. By modeling and testing in this manner, libraries and databases can be developed such that new concepts can be modeled and studied before actually building hardware prototypes.
Modeling and simulation will become a "tool" much like conventional test instrumentation for the tester and evaluator.
CHALLENGES
This approach to developing weapon systems requires a change in "mind-set" on behalf of most participants. Modelers, designers, testers and evaluators will be required to stay out of "turf" battles and work together as a team in a cooperative manner. Each will be required to change the way they have done things in the past to optimize the overall process. Confidence and support from project managers and acquisition decision makers will be required to give the process opportunity to prove its worth.
Modeling architecture and protocols must be standardized to a degree that requirements can be specified in contracts, and resulting models can be "run" by modelers, testers and evaluators across a broad base of computing systems.
CONCLUSIONS
The concept proposed herein is not new, but it is an application whose time has come. The need for more efficiencies in the development process and today's low costhigh speed computers provide the necessary initiatives and opportunities to develop this process. The advantages and opportunities are limited only by our paradigms of the past. 
